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Monday, February 9, 2015 329abetween proteins allows investigations of to specify their role of precise
interactionss in cellular mechanisms behaviors and to direct manipulation
of thesemanipulate cellular responses. The conventional approaches to these
measuremetns involve two tags conjugated to proteins of interest whereand
the association of these two tags reveals the dimerization states of the targeted
protein. Two major challenges for those probes include the reversibility of
the tag interaction and the signal contrast for detection. The development of
a dimerization inducer or reporter based on fluorogen activating proteins
(FAP) takes the advantages of the high specificity of protein/fluorogenic dye
interaction and the dramatic fluorescence enhancement upon complexation,
allowing both the induction of dimerization and fluorescent detection of the
protein interaction. We studied the tunability in binding properties of a mala-
chite green (MG) binding homodimerizing FAP L5 by random and site-
directed mutagenesis. One mutant L5_E52D showed low nanomolar binding
affinity with large binding enthalpy, suggesting MG can be used as a strong
chemical dimerization inducer. Saturation mutagenesis at the E52 site revealed
Aanother mutant, L5_E52K, which showedresulted in undetectable MG bind-
ing in monomeric form but displayed high fluorescence signal in tandem
dimeric form, enabling the sense of dimerization. We present the characteriza-
tion of the mutants from single-site mutation saturation of a Fluorogen Aacti-
vating Pprotein and the in vitro validations of two mutants being used for
dimerization induction and dimerization detection.
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Many proteins act as pH sensors. They can respond to small changes in pH with
a large conformational transition of functional significance. The thermody-
namic basis of pH-driven conformational changes in proteins is well under-
stood: a change in pH can drive a conformational transition when final and
initial states have different affinity for Hþ. This requires that some ionizable
groups titrate with different pKa values in the two states. Here we demonstrate
how buried Lys or Glu residues with highly anomalous pKa values can be used
for rational engineering of artificial pH switch protein that undergo global,
cooperative unfolding in response to small changes in pH in the physiological
range. This study was enabled by our previous demonstration that most Lys and
Glu residues buried in the interior of staphylococcal nuclease titrate with highly
anomalous pKa values as a consequence of being buried in the hydrophobic
interior of the protein. The ionization of a single buried ionizable group is
not sufficient to drive the unfolding of the protein, thus we engineered variants
with two buried ionizable groups. The V66E/A109E and T62K/L125K variants
of SNase were selected because, based on the pKa values measured for these
buried residues, the protein was expected to act as a switch near pH 7. This
was confirmed with equilibrium thermodynamic experiments. The double
Glu variant was stable at low pH and unfolded at high pH and the double
Lys variant was stable at high pH and unfolded at low pH, as expected from
the nature of the shifts in pKa values. Crystallography and NMR spectroscopy
were used to characterize the folded and unfolded states. This strategy for the
design of artificial pH sensing proteins is completely general and transferable to
other proteins.
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A number of genetically targetable biosensors are based on the allosteric bind-
ing of a ligand to a protein, inducing changes in the molecular distance between
two spectrally overlapping fluorescent proteins (e.g. Cerulean and Venus).
Ligand concentration is reflected in FRET efficiency, which is typically deter-
mined by emission wavelength or fluorescent lifetime. Due to the number
of correction factors required for this technique, biosensor design has been
largely limited to intramolecular FRET. In nature, however, protein homo-
dimerization is a fairly common event. Therefore, the ability to reliably detect
intermolecular FRET would open a much larger design space. To that end,
we are investigating FRET between identical fluorophores (homoFRET) as a
method of detecting intermolecular homo-dimerization through changes in
fluorescence anisotropy. To address an ongoing need for measuring cellularNADPH in the field of diabetes, we have developed an NADPþ-sensor based
on the dimerization of Glucose-6-Phosphate Dehydrogenase. We describe the
various stages of sensor development including: linker optimization, enzymatic
inactivation and a confirmation of dimerization using Number and Bright-
ness analysis. We further demonstrate other advantages of homoFRET sensor
design, such as the ability to swap between fluorescent protein colours and
an improved capacity for multiparametric imaging. Functionally, we show
that the sensor responds consistently with two-photon excitation NAD(P)H
autofluorescence (which cannot distinguish between NADPH and NADH),
but could also capture previously inaccessible events unique to NADPH.
Finally, the sensor was applied to study nutrient-stimulated changes in NADPþ
in beta-cells, where we found significant NADPH depletion in the mitochon-
dria, but not in the cytoplasm, after fatty acid treatment. Overall, this project
demonstrates the utility of intermolecular biosensors using homoFRET thus
revealing a new paradigm for biosensor design.
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The resistive-pulse technique has been applied to detect and size particles as
they traverse through a pore. The pulse, defined as a change in current with
respect to the baseline, carries information about the particle’s volume. Pores
characterized with an undulating opening diameter could be used to identify
the shape of a passing object using the resistive-pulse technique. The experi-
ments were performed with 12 micrometer long pores in polyethylene tere-
phthalate (PET) prepared by the track-etching technique. Due to the laminar
structure of PET films, the subsequent wet chemical etch formed longitudinal
irregularities along the pore wall. The topography of each pore is examined
nondestructively using polystyrene particles and observed as a series of peaks
within a pulse. We studied the effects of the pore undulations on differently
shaped particles by comparing pulses of polystyrene spherical beads with
pulses created by silica rod-shaped particles with lengths of 590 and 1950
nm and diameter of ~200 nm. To understand the undulating diameter’s role,
we also passed both particles through a smooth, 30 mm long polycarbonate
(PC) pore. We found that the rods’ passage induced averaging of the pulses
so that a smaller number of sub-peaks was observed compared to the pulses
of the spheres. The degree of the pulse averaging could be correlated with
the rod length. Pulses of beads and rods were virtually indistinguishable in
the smooth PC pores, emphasizing the importance of the pore undulations’ abil-
ity to distinguish shapes. In studying non-spherical particles, we discovered that
the rod’s pulse amplitude was larger than expected from volume exclusion.
This suggests that the pulse amplitude of non-spherical particles depends not
only on particle volume, but also on its angular orientation and rotational
motion as it travels across the pore.
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We present a new minaturized all-in-one Amplifier suitable to perform high-
quality electrophysiology measurements. The instrument has been evaluated
on a platform where ion channel proteins are reconstituted in solvent-free bila-
yers and multiple corresponding experimental data sets are shown.
Characterization of reconstituted ion channels is still challenging as low noise
current measurements in the pA range have to be combined with a large band-
width of tens of kilohertz. Traditional transimpedance amplifiers use resistive
or capacitive feedback to generate an analog output which needs to be digitized
for further processing and display, resulting in complex, bulky and expensive
systems. The amplifier shown here uses a switched capacitor gain stage
combined with a sigma-delta digitizer which directly produces a digital signal.
The actual layout is completely done in one silicon die (ASIC). This novel
approach allows the integration of a multiple gain stage, filters, signal condi-
tioning circuitry, digitizer and USB interface into the size of a pack of cigarettes
while noise performance (z100fA rms @ 1KHz) and bandwidth (up to
100kHz) are comparable to state-of-the-art patch clamp amplifiers.
